Introduction: Total knee replacement (TKR) is one of the most frequent orthopaedic procedures performed every year. At the same time 20% of patients who underwent TKR are not satisfied with the outcome. The reasons are unknown; we think that a mechanical alignment beyond 3° of varus-valgus can represent the most important cause of failure of TKR and consequently patient dissatisfaction. Materials and Methods: Neutral mechanical alignment is the main goal in every TKR: this can be achieved through different tools, such as extramedullary and intramedullary guides, patient-specific instrumentation (PSI) and computer-assisted surgery (CAS). The aim of this review is to compare the different alignment techniques in TKR, to describe CAS procedure and CAS results in recent literature. Results: Regarding the intramedullary guide, there is an increased risk of fatty embolism; there are great limitations on its use, or even impossibility, in cases of bone deformity and sequelae of trauma. Regarding the extramedullary guide, it becomes more difficult to use in cases of great obesity or increased soft-tissue volume around the tibia. PSI for TKR has been introduced to improve alignment, reduce outliers, operation time and the risk of fatty embolism by avoidance of intramedullary canal violation. Recent randomized controlled trials and meta-analysis proved no advantage of PSI in improving mechanical axis and implant survivorship. Discussion: CAS has provided to be a useful tool in assisting the surgeon to achieve more accurate post-operative mechanical axis through precise and reproducible bone cuts and ligament balancing. Two meta-analyses definitively proved that CAS technique improves mechanical axis and implant survivorship and one recent meta-analysis demonstrated that CAS provides better mechanical alignment and higher functional scores at short-term follow-up. (www.actabiomedica.it)
Introduction
Total knee replacement (TKR) is one of the most frequent orthopaedic procedures performed every year. The number of TKRs carried out in the United States is estimated to increase by 673% before 2030 (1) . At the same time 20% of patients who underwent TKR are not satisfied with the outcome (2, 3) . The reasons are unknown but we think that a mechanical alignment beyond 3° of varus-valgus can represent the most important cause of mechanical failure of a TKR and consequently patient dissatisfaction.
Restoring the mechanical axis in TKR is a key factor to optimize the load sharing and prevent the eccentric loading through the prosthesis, which could avoid implant loosening, instability or early failure (4, 5) . The concept of mechanical axis was introduced by Insall et al. (6) in 1985: it requires that both femoral and tibial cuts must be perpendicular to the mechanical axis of the femur and tibia. The purpose is to create equal load distribution on the new joint line.
Although Parratte et al. (7) found that a post-operative mechanical axis of 0 o did not improve the rate of survival 15 years post-operatively, several authors suggested that restoration of a neutral mechanical axis improves durability following TKR (8) (9) (10) .
Nowadays, neutral mechanical alignment is considered the "gold standard" and the primary aim in every TKR. This can be achieved through different surgical techniques, such as extramedullary and intramedullary guides, patient-specific instrumentation (PSI) and computer-assisted surgery (CAS), each one with advantages and disadvantages. Regarding the intramedullary guide, there is an increased risk of fatty embolism (11) , there are great limitations on its use, or even impossibility, in cases of bone deformity, sequelae of trauma or presence of osteosynthesis material that obliterates the medullary canal. Regarding the extramedullary guide, it becomes more difficult to use in cases of great obesity or increased soft-tissue volume around the tibia. PSI for TKR has been introduced to improve alignment, reduce outliers, operation time and the risk of fatty embolism by avoidance of intramedullary canal violation. Recent randomized controlled trails and meta-analysis proved no advantage of PSI in improving mechanical axis and implant survivorship (12, 13) .
In the late 1990s, two teams, one led by Picard and Leitner in France (14) , the other led by Krackow in Buffalo, New York (15) , concurrently developed the technology for modern imageless computer-assisted TKR. Approved by the FDA in 2001, these systems utilize infrared communication to track the spatial positioning of patient anatomy and surgical equipment. The system's subsequent calculations allow the surgeon to evaluate bony cuts prior to their execution and also allow the surgeon to check these cuts after they are performed.
Different recent meta-analyses (references) has provided CAS to be a useful tool in assisting the surgeon to achieve more accurate post-operative mechanical axis through precise and reproducible bone resection and ligament balancing (16) . CAS for TKR has been reported to provide more precise component placement in coronal, sagittal and rotational alignment; more accurate bone cuts and better restoration of coronal limb alignment (17) (18) (19) . In a meta-analysis of 29 studies comparing CAS with conventional technique, Mason et al. (20) demonstrated 90.4% of patients with a femoral varus/valgus alignment within 2 o of the fem-oral mechanical axis (versus 65.9% in the conventional group) and 95.2% of patients with a tibial varus/valgus alignment within 2 o of the tibial mechanical axis (versus 79.7% of the conventional group).
Operative technique
Since 1998, in our department, different systems based on computer-assisted navigation systems without use of computed tomography (CT) have been used in >1.000 joint replacements (knee and hip), and according to these navigation systems, all data have been acquired in the operating theater during the procedures.
Step 1. Prepare the surgical field according to your preferences. However, the patient should be in supine position just with the feet outside allowing the knee to be easily flexed at 90°. Place a support by the side of the thigh to maintain lower limb position even with the knee flexed. The surgeon is supposed to be in front of the patient and able to check the mechanical axis constantly.
Step 2. We always position a metal locator in the center of the hip as further limb alignment reference during the surgery in order to keep a constant check on axial adjustment and on the correct positioning of the prosthetic femoral component (a x-ray of the hip should give you the position of the metal locator).
Step 3. With the patient under anesthesia, the surgeon should evaluate clinically the limb deformity and how much can be reduced manually acting on the knee.
Step 4. The skin incision with the limb flexed at 90° should not exceed 12-14 cm in a median or paramedian medial direction. Then the surgeon should perform knee arthrotomy and should evaluate all compartments and confirm or not surgical indication.
Step 5. Insert the screws for the infrared reflecting diodes (LED) of the computer scanner with tiny skin incision of <1 cm. One diode should be located on the femur and one on the tibia both 10 cm away from the joint line. Proceed with the lower limb data acquisition using the computer. Just moving the limb and using mathematical models, the navigator determines the axis, which goes through the rotation center of the femoral head, the center of the knee and ankle. Acquire the deepest point in the more damaged tibial plateau with a mobile pointer, the center of the tibial plateau, both posterior femoral condyles, the superior femoral cortex, and medial and lateral epicondyles, always according to the indications on the screen step by step.
Step 6. With the data reported on the screen, the surgeon can recalculate with numbers the deformity and how much can be corrected. Data processing empowers the system to produce onscreen information related to the mechanical function in frontal and lateral projection within the entire given range of movement ( Figure 1 ). It suggests implant size, amount of bone according to the deformity and tridimensional implant alignment.
Step 7. The deformity should always be reducible manually; otherwise, the surgeon should proceed with a slight release of the ligaments under the direct control of the system.
Step 8. Position the tibial cut guide and connect with a mobile diode to the computer. The height of the resection is based on the concept of "minimum bone cut": this is a simple rule we have been experimented since 2001. The amount of bone to be resected is given by the difference between prosthesis thickness and arthritic knee deformity. For example, if a patient had a valgus deformity of 8° and assuming a total thickness prosthesis of 19 mm, the planned minimum bone to be resected is 11 mm (19-8=11. Figure 2) .
Then you should plan tibial cut orientation (varus-valgus) and checked it on the display (Figure 3) . The slope will be according to the implant slope. After fixing the guide, use a blade for the horizontal cut.
Step 9. The femoral cuts have been already planned according joint space in flexion and extension, Eight degrees valgus knee. The minimum bone cut: the entity of bone resection is given by the difference between prosthesis thickness and axial deviation angle. We have to cut 9 mm of femur because it drives the joint line (Figure 4 ).
If gap balancing is not correct, you have to plan femoral cuts, rotation of the femoral component, size of prosthesis and polyethylene thickness in order to equalize the gaps (Table 1 ). In difficult cases with deformities >10 degrees, you have to perform ligament release to equalize the gaps. In impossible cases, you have to use hinge prosthesis.
Step 10. Then you perform distal femoral cut and check it on the screen. Position the chamfers of the corresponding size, with adequate femoral rotation, planned and checked on the screen. Perform the remaining cuts ( Figure 5 ).
Step 11. Position the tibial and femoral trial components with polyethylene thickness, check the mechanical axis and the ligament balance in full range of motion, always reading the values and the morphology of the inferior limb in motion on the computer screen.
Step 12. We first implant the tibial component and then the femoral one; the limb should be extended and compressed securely against the chest of the operator to complete the operation. Final recording of data is performed for the personal computerized patient file charts.
Step 13. Wound suture and post-operative x-ray. This is the only check for those who do not use CAS.
Discussion
Several studies have reported significant difference in implant survivorship when a traditional safe zone of 0-3 degrees was used to define aligned versus malaligned knees respect to a neutral mechanical axis. On the other hand, some authors have found no statistically significant differences in survivorship between aligned versus malaligned knees respect to a neutral mechanical axis. One of the most influential studies is reported by Parratte et al. (7) , who retrospectively reviewed the clinical and radiological data of 398 TKRs. They found that a post-operative mechanical axis of 0 o did not improve the rate of survival 15 years post-operatively and stated that the description of alignment as a dichotomous variable (aligned versus malaligned) provided little value in regards to durability. Neverthless, they concluded that "until additional data can be generated to more accurately determine the ideal post-operative limb alignment in individual patients, a neutral mechanical axis remains a reasonable target and should be considered as the standard for comparison if other alignment targets are introduced". Similar to Parratte et al. (7) , also other authors found that the relationship between coronal alignment and survivorship was weak (21) (22) (23) .
The precision with which the implants are placed directly affects patient outcome as implant position and alignment influence the stability, durability and patellar tracking. Evaluating the alignment in total knee arthroplasty and functional outcome with respect to the alignment is the need of the hour.
Orthopaedic surgeons have different tools to achieve these targets, such as conventional techniques (intramedullary or extramedullary guides), PSI and CAS. Although intra-and extramedullary alignment are used worldwide, several errors have been reported, due to variations in bony anatomy, visual misjudgement by the surgeon or limitations of the technique. Several studies reported that with conventional technique the percentage of malaligned knees is between 20% and 30% (24) (25) (26) (27) (28) . It has been shown that only 70-80% cases would obtain the ideal positioning of the prosthesis when using the intramedullary system (29) . Recently, navigation systems have been developed to improve the accuracy of align-ment of the components in TKR. So far, only a few studies have been published, reporting the results of computerassisted TKR.
Computer navigation has the potential to play a role in improving mechanical alignment and outcomes in TKR. In our Department we started using CAS in 1999, both in unicompartmental knee replacement (UKR) and TKR, then in association with patellofemoral replacement, bi-UKR and tri-UKR. CAS is also a teaching tool in TKR, especially in inexpert hands. In 2010 we published a paper in which we demonstrated that surgeons with different experience in CAS and knee surgery could perform TKRs with similar mechanical alignment (179.2° vs 178.1° with no statistical significant difference), proving CAS as teaching tool to train inexpert surgeons in knee replacement surgery (30) . Then, in 2012 we demonstrated that a beginner can reproduce the results of an expert TKR surgeon by means of navigation after a learning curve of 16 cases; this represents the break-even point after which no statistically significant difference is observed between the expert surgeon and the beginner utilizing CAS (31) . In 2012 we checked usefulness of CAS in post-traumatic knee arthritis comparing a group of CAS TKR performed in traumatic knee arthritis with CAS TKR in atraumatic knee arthritis. We found no statistical significant difference between the two group in terms of functional outcomes (32) .
CAS in TKR provides more accurate bone cuts, more precise component placement in the coronal, sagittal and rotational planes, better restoration of coronal limb alignment and lower gap asymmetry (33) (34) (35) (36) (37) .
Two recent meta-analyses definitively proved that CAS technique provided better mechanical axis and implant survivorship (38) (39) , but only Rebal et al. definitively demonstrated that CAS improves clinical outcomes at short-term follow-up (40) . This metaanalysis collected only randomized controlled studies with two groups, CAS versus conventional technique in TKR: twenty-one papers were analysed, with the hypothesis that imageless computer navigation improves TKR short-term functional outcomes scores by producing superior post-operative alignment. They concluded that TKR performed with computer navigation was more likely to be within 3° of ideal mechanical alignment (87.1% vs 73.7%, P<0.01) and had a higher increase in Knee Society Score at 3-month follow-up (68.5% vs 58.1%, P=0.03) and at 12-32 month follow-up (53.1% vs 45.8%, P<0.01). The mean operative time for CAS TKR was 101.6 minutes vs 83.3 for conventional TKR (P< 0.01) (40) .
These results demonstrate that CAS is a useful and teaching tool in TKR, even in inexpert hands; it allows reproducible results, providing better mechanical alignment and superior functional outcomes in the short-term follow-up. This increase requires the investment of additional and financial resources (40) .
Additional operating time is needed when using navigation systems in TKR. However, after an initial learning curve, the computer-assisted surgical procedure took only 10-15 minutes longer to perform. This additional time is acceptable in clinical practice. In future, it may be reduced by an improvement of the computer-assisted workflow and by the development of specific navigation-adapted instruments.
